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The possibi l i ty for the fundamental constants
to vary is suggested by theories unifying grav-
ity with other interactions.

Fine structure constant a: "2/h",
e -electron charge, c -speed of l ight.
Quark massmq/Strong interaction scale Aqca.

The search goes in:

(1) Quasar absorption spectra (QAS)
(2) Big Bang Nucleosynthesis (BBN)
(3) Oklo natural nuclear reactor
(4) Atomic clocks
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Results:
1998-2003, @red shift 0.2 < z 1 4.3,
143 absorption systems, 23 transitions,
3 independent samples:

f  :  1-o.s+e + 0.116)'  1o-5
Statistical sisnificance 4-�7 o from zero.
2004, T-UVES different hemishere), red shiftChile
0 . 4 < z < 2 . 8
full sample, 74 systems dq : (-0.020 + 0.092) . 10-5
clean sample, 52 systemJf : 1-O-OO+ + 0.098) ' 10-5
Strianand et al saryple, 23 systems f : 1-O.O0t +0.126)'10-5
VUf: l$l < o.l.loZero!
Too larle scatter-, more realistic preliminary result

f ; -1 -o .os ro .2e) .10-5

Other groups results from VLIT-UVES:
Strianand, Chand, Petitjean, Aracil (2004), 23 systems, 12

transitions, 0.4 < z < 2,3:

f : 1 -o .oo+0 .06 )  .10 -5
Quast, Reimer, Levshakov (200a): 1 system, Fe II only, 6
transitions, z : l.l5:
d# - (-o.o+ + 0.19 t 0.22,y,1) . 1o-5

Difference between Keck and Vl.lT data:
Undiscovered systematic effect?
Soatial variation of a?
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Measurements of m./mp,-m"f Agcn

Tsa navaris,Webb, M u rphy, Fla mba um, Cu rra n
Phys. Rev. Lett. 2005
hvoer f ine ^1 cm H/oDt ica l
Mg ,  Ca ,  Mn ,T i ,C ,S i ,Zn ,Cr ,  Fe ,  N i
8 quasar absorption systems, 0.24 < z <-2.O4

Combined with measurements of a-variat ion

W# - (2.31t 1.03)10-5

WB: (1.2s+ 1.01)10-5
Recent result based on H.> measurements

Ubach 2005.
u{T'l,T"l : (-2.4+ 0.6)10-s
lme / rnp )

Variatlon 4o!

Measured X : q2gpm"/mp

+-G .L r *1 .01 ) re - s
%-: (-1.43 x.L.27)Lo-r5f  y"o,
No var iat ion.

Rei  n hold,  B u n n i  n  g,  Hol  lenste i  n , Iva nch i  k ,  Pet i t jea n,
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Compar ing

Atomic

Molecu la r

optical/optical
optica l/hyperf ine
hyperfine/hyperfine
hyperf ine/rotationa I
hyperf ine/A-dou bling
rotationa l/optical

a
(\'

,  ' ^
q  1  r t . e , q / t \ ( 4 L I )

atomic c locks one canstudy:

Experiment *#Go-r-u lyear)
Marion et  a l  2003 s( hfs (0 .05 + 1.3)o

Bize et al

Fisher et al

Peik  et  a l

Bize et al

2003

2004

2004

2004 Rb(hfs

( -0.03 +
( - 1 . 1 +

(-0.2 +
( 0 . 1 +

7 .2 ) "

2 .3) "

2.o)
1 ) "

Cs(hfs)

a assuming rnqf  A:  Const .

Combined resul ts :

W:  ( -0 .9  +2 .g )  "  19 -15y ; -1
otn( rnq /Aqcd _  (_4+ 10)  "  1g-15y ; -1



There is  a  poss ib i l i ty  o f  1010 t imes enhance-
ment due to "degenerate" energy levels of dif-
ferent nature! Example: Dy atom.
1. 4f1o5d6s, Et : t97gT .96... cm-1
z. qPsd26s, Ez: 19797.96... cm-l
Interval u : E2 - E! - 10-a cm-1 ̂ , 1O-9Er .

E, l9=6000cm't

. ^ l A a
a : Q ( / ' , O f ( 9 1  - q 2 ) 2 - :

a

:  1o-4 cm-1 * 6oooo cm- t A *

Aw. -  ,  Ac . r . -  - . , . t
; ( r  lear)sss ' -  - (10"

Pre l iminary resul t :  UC Berkely
l 0 # l  ( 4 . 3 x 1 9 - 1 5 y 6 - 1

a

years)u1ro

- /os A(ares

q=-23000 cmi

3 1



CONCLUSIONS

BBN/CMB data may be in terpreted as var ia-
tion of rnnlAqco.

MM method provided sensit ivity increase ..,100
times. Many l ines, posit ive and negative shifters
- control of systematics.
Keck data-  3  independent  opt ica l  samples,  143
systems- variat ion of a.
VLT data- no variat ion.
Undiscovered systematics or spatial variat ion?

rnelmp'. 2t cm H/optical- no variat ion;
f12 ( Pa ris-Amsterd a m- Peterb u rg )-va ri ati o n !

Oklo data:  var ia t ion of  m"/Ar ' . ' r '  l?\ i ,  \ 4 v u

- Atomic clocks are very sensit ive to present
t ime variat ion of a ?nd rnnlAqco. Transit ion
between close levels - a bi l l ion t imes enhance-
ment .

33
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)pfir" I q  (on^ 'e e/oek s

Al Ir 13 3,3p .Po 2674.30 146 I12j
k3p " P, 2669.99 2rt lr2l
3s3p "p" 266l.lb 343 Uzl
&3p 1670.79 278 lt2l

CsI 20 4's4p 6597.22 r2E lr2)
4s4p 3 Pt 6824.60 180 lrzj
4s4p 6529.15 294 t12l
4s4p 'R 4227.92 250 tl2l

Sr I 38 5s5p 6984.4b 441 lr21
5r5p " Pt 6894.48 642 lr2)
5s5p sPt 6712.06 1084 ll2l
5s5F 'Pl 4608.62 s24 I12l

s! II 38 4d 'D"t, 6870.07 A I9l
4d. , Ds/2 6z&.2s 3L7z I9l

In II 49 b!5p "po 2365.46 s7a7 lt2l
sssp 3A 2306.86 4860 l12l
5s5p "P. 282.12 7767 Ir2l
5!5p 'P' 1586.4b 6467 lr2l

B& rr 56 5d. 2 Ds/2 20644.74 5844 lt3l
5,1 "Dtrz 17621.?0 59?6 F3l

Dy I 66 4Jro5d6s 3110|0 5051.03 6008 tr4l
4Je\t6s ex,o 5obr.os -rg?oE F4l

Yb I ?0 6r6p 57A.21 2714 I12l
6i6p "P, 5558.02 ts27 I12l
6r6p 50?3.47 5E83 tlrl
tu6p i1989_11 49Sl Frl

vb\ 70 4lt45d. ,h/, 4i]s5.2s r0u8 tt4l
4l'15d lDi/, 4tog.zo toagz lt4l

4136s, ,F7/, 4668.s1 -E67Bz [t4l
]'b III z0 4lr35d 3po 220a.$ _27800 tt4l
H8I 80 tu6p sA 2656.39 15299 {r2l

6!6p rR 25a7.2a t7ba4 t12l
6r6p 'pz 2270.5t 2908 lr2)
6s6p 'P| 1849.50 n789 ll2l

Hs II 80 5d,6s, 'r5l? 2A75.79 -56671 lgl
bde6R, ,hp 19?8.16 -44oo3 tgl

Tl Ir 8i 6r6p 2022.20 1626? l12l
6jop 3R 18?2.90 tB84E ltzl
6s6p "P" 1620.09 3326s lul
6s6p '4 1322.75 29418 ll2i

tta rr 88 6d ,4/2 8275.15 18785 [13]
6d zD5/2 7276.37 1794r t13l

TABLE II: Expe menhr €nelgi6 ed calculared q co€fficienrs
fo! trmiiions from the gound srate to the srs.te shown.

Aton/Ion Z Stare W&vel€nsih, A q (cm-') Rlrerence
Experineot

+ r/  r 2
| ' - a =
L/o'0 J :  U o



Atomic Clocks end Coasf'aints on Va atioas ol Ftjlndajmentsl CorEtants / 2OO3

Table 99.1. R€Iative sensitivity of the hype!firle r€lativistic factors to the ruiation of a (paxameter ri) and nucleax
magretic moments on the \€riation of the quark ma€s/strong intencti or\ scale me f Lec D (patameter B) for atoms
involved in microwave standard€.

Z Atom
1
I

37
48

70
80

IH
211

87Rb
i l1Cd+
133Cs

17lyb+
l  OOr r -!

_ _ o

0.00 -0.100
0.00 -0.063
0.34 -0.074
0.6  -0 .117
0.83 0.127
1.5 -0.rr7
2.3 -0.rr7

Using parameters n andbeta we can present dependence of
the microwave standards on the fundamental consranrs:

?ln f  6InV (ee.5)

(ee.6)

In comparison of two microwave standards the factors c-R-
and m"f m, are cancelied out. However, in comparison of
optical and microwave standards the factor m"lmp survives.
Its dependence on the fundamental constants is the foilowine

at at
v : c1x .^" .  or-n .  (  ,-n )am.p t\eCD

yhT! - 1lnl 
m" .1 mq 

1-o.oas1
rnp 'l\qcn 'ltqcn' J (ee.7)

We may assume that the electron mass and all quark masses
have the same relative variation . This assumption seems to be
natural if the Higgs mechanism of mass generation is correct.



Some special (6tuning" of fundamental constants is neeeded

for humans to exist,

Examplel low-energy resonance in carbon production

reaction in stars:

aHe+aHe+aHe:r2c

Different coupling constants --+ no low-energy resonance ---+

no carbon ----r no life.

Variation of coupling constartts in spaee eould provide a nat-

ural explanation of "ffne tuningtt: we appeared in area of the

[Jniverse where values of fundamental constants are consitent

with our existence.

(. 'r rono fixoc/ lo kone BB M

y x 6,ro-'0 = '!er-:J 6a:!y:
t4.t 4, r1,t &r o f plqlou S

Nrrono -  
E  

* lo 'ee*
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C. L. Steinhardt, Phys. Rev. D, 71, 043509
(2005):
It  might be spatial variat ion!

Srianand ef a/ use data from Southern Hemi-
sphere only

(f f)sortn: (-0.06*0.06) x 1o-5

Murphy et a/ use both:

( f )sor tn  -  ( -0 '36+0.1e)  x  Lo-5

(&)11o.rn -  ( -0.66+0.12) x lo-s

25
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Many-Mult iplet Method

Relativistic correction to electron energy .Er:

mom

C
I

c(2,  j , I ) l
J

charge Z.
e r  angu la r

/2
lear
h ish

1

+ 1
nuc
for

t,
h

n

tr^
Ln : ' '  (Zo1'

u

1. Increases wit
2 .  Changes s ig
t u m  j .
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